Introduction
I(t) = Im [1exp(-t ⁄ τact)] 2 ⋅exp(-t ⁄ τinact)+Ib, 144 Where Im is a normalization factor and Ib is a background component. 145 The decaying phase of the voltage dependence of τact (VD act) was fitted with an 146 exponential function of the form: 147 VDτact(V) = exp[-(V -Vτact) ⁄ (sτact)]+ τact(∞), 148 where sτact is the voltage sensitivity, τact(∞) is the asymptotic value at positive 149 potentials and Vτact is the voltage at which τact is equal to 1 + τact (∞) . 150 To assess steady-state inactivation properties we applied a 2-s conditioning pre-pulse 151 to various potentials (from -100 mV to -20 mV), preceded by a test depolarization to -30 mV.
152
Inactivation curves were fitted with the following Boltzmann function:
where ICa is the measured peak current; Imax is the maximal amplitude of the current;
155
Vm is the test pulse potential; V1/2 is the voltage where ICa has decreased to its half-amplitude 156 and k is the slope parameter. In our experimental conditions, the time constant of macroscopic for the fittings of the model.
192
We implemented a real valued error function E(I) as a criteria to fit the model with We used the optimizer indicated above to obtain the set of parameters I that 201 minimized E. Taking into account the convergence of the optimizer into local minima and 202 that this depends on initial conditions, we used the original set of parameters described in 203 [13] and induced random perturbations on all of them, following a normal distribution with 204 mean on the original parameter and with standard deviation similar to 0.2 times its value.
205
With this technique we generated a set of 500 different initial conditions for the optimizer 206 and we selected the set I of the optimization that produced the minimum E(I). To better understand our results, we developed a Markovian model with eight states 211 described in the Fig. 6 . Although there are many ways to describe the kinetics of T-type 212 channels through mathematical modeling [13] [14] [15] , in this work we used the model presented 213 in Burgess et al. 2002 [13] because it takes into account many properties of these channels 214 in physiological conditions, such as the gating charges present in transitions between states, 215 as well as their voltage dependency for each subunit [10, 13] . 216 We used this model and determined how its parameters had to be modified to fit our 217 own experimental data. Similar to the original model, all of the horizontal transition rates in 218 favor of activation (left to right) and in favor of deactivation (right to left) have a voltage 219 dependence determined by an exponential function. Thus, in the activation direction, the 220 transition rates take the form: kC2C3, kC3O, kI1I2, kI2I3, kI3Io} . The parameter qi (i=1,2,3) is the gating 223 charge associated with the i th box in the model, on each transition δi represents the fraction 224 of its voltage dependence towards activation in the i th box, V is the membrane potential fixed 225 by voltage clamp and T=25.4 mV represents the thermal energy of room temperature in 226 electron volts.
227
Similarly, we have the following form for transition rates in the deactivation 228 direction:
where kd={kC2C1,kC3C2,kOC3,kI2I1,kI3I2,kIoI3}. The remaining parameters in (2) are the 231 same as in (1).
232
The model consists of 24 parameters summarized in Table 2 for the WT CaV3.1 and 233 the pore mutant channels. In it kC3O=kI3Io and kOC3=kIoI3. 234 The kinetic scheme presented in Fig. 6 can be solved in time by means of the transition Where X(0) represents the state of the system at time 0. In our experiments, the change 243 in membrane potential commanded by the voltage clamp described in our protocols happens 244 so fast that it can be taken as an instantaneous change producing time subintervals where the 245 voltage is constant. In this situation, we solved the equations analytically for each sub interval 246 where the final condition in a subinterval is the initial condition of the next.
247
Taking into account the previous considerations, we first adjusted the original set of 248 parameters to fit the results obtained for steady state activation, deactivation, inactivation and 249 recovery from inactivation for the EEDD channel. Next, we readjusted the parameters to fit 250 the same results for the mutants DEDD, EDDD and DDDD. The difference obtained in the 251 parameters of each channel can give us insights about their functional properties.
Results

255
3.1 Differential influence of pore locus residues of domains I and II on the CaV3.1 channel 256 activation kinetics 257 In the previous work, we prepared three pore mutants DEDD, EDDD and DDDD of 258 Cav3.1 channels and studied primarily their ion conductance properties [11] . The objective 259 of that work was to evaluate the gating properties of those pore mutants. Thus, we first 
